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Richard S. (;)1)SS,  Ki!lll 11 II lli3111Ll:111, ~lld I):\ IL’ il. lJ{)f’,{’,S

a K:IlmaII  fillcl-

s])allnin~  1976.8  -



ocean tides  upo II the liar(h’s rotalioll,  :1 lit {’l ltl I In:{y lJr fulfillc{l wilclI loJJg,-pCJiod  ocean tide

Illo(icls  based H])(MI ‘J’oj)e.x/l’oscio[  )l) 11 1:’:1~,11  I t“ IILIIII.  br.cotII(  av;lildl)l(

?)



l)etcction of 11’01  lttif:lltly  l’(Il~Ir  MOti  O~i  1~.xcilafioli  S i g n a l

l’olar Motion lkcitalion  Selit’s

sys(c.111. ‘J’k Kal man filter used I I I jI,tIIL :11 IIIjI }il’A(’lL’Jf  co]]taitl~  i; [Ilo[ic.1 of the pc)lm ]l~otion

]JI(Kcss and prmlwxx cstimatcx of tlI{ 1, 11111  tIJ i. Iltatioll  txcilatil)l~  illt)~li{)lls  :ind associated Ill(dcl

pa Ial  IIctcrs  alon[~  with cs[imatcs  011901:11 111)11(111  ;id (1’1’1 ‘1’AI l~f~~tfl})il~~  c1 (/1., 1988; l“teedtmll ff

al., 19941)]. ‘1*I)C  complex-valued ]){. )I; I1 ]I]otior[ cxci[;lti{)n illli(lio]t, 01 (l~i fullc(ion, is the ]mla I

moli(m forcing function  which, a[ f’It(l(l(’111  J( ~ lift fiofit  llIc IiICG  ( ‘()!{ h’~tljlliott  lcsonancc,  is IClalcd

!() J)d:ll”  lm)tion lhrcmgh t h e  cx])l(’s\i(Ml  It ,/’ . 1:, II II f,\ { 1 (il.,  19H3;  lit .(: ;/I,\)(i, 1992;  Gross, 1992;

IJt Lczilt,ki {{ml Ca]]ilaifle,  1 993]:

,(/])(1)
p(l)  I .,)’  ;I, ~(l)

‘(It
(1)



l<i]ldqwi.v( et, 1992a, 1992b; (l(u), 1 of).+.

1995]. ‘1’hc  avililablc  atmosplIcl  i~.’ aIIj’LIli  I

for possible rcn]oval from tlm S1’A(’1 ,(!

OCCMII tidal cxcitaticm.

1, I{tI(T ct (/1., 199:+: Ar[IY[/il(~\  190?, 1995; Kosd et al.,

III(1  IL’11111111 IA Ah4) s(ii(.~ :11( [Il(]cfo]c considcrccl here

[Iol, il II)oli,)ll  cxcilati(~r SiI j(.~ ]Ilior  to its analysis for

of tllc AAh4 (iata sets CLIIICIIIly  i, :Iil:jltl, 111(’  olIt>  wi[ll  IIIL {I, IC:IILS[  Iil]lc  span, and the only





valms  will~(}losco  faf~il~clc]>cl)  ticl)[ SLJI,IS ~ollll)u[c(i  fIonIIIIc i\l}:tl~scso  ftllcCi  [; Mo]~cratc(lby

(k .lapa  II Mctcomlogica]  Ap,CIICY (MIIC)(. .~iLM l’allm  Wr(lt illso  olllilill  C(l fl’0111 tllC lliRS

SIIAAM).

Af(c.rcurcc(ing  lIIC AAhl lMcsuiI~  I<JI:I  I’m tll( cl’fccts  of’ II)(lIlcl clIaIIII,cs,  ]nissing  vaJucs  in

Illc])lcsslll”c.a  l)(l  w i n d  tcrlns  wcI( flll(’(i Ii}’ Iillt  II illtcj]}olatiol],” \~itl\lr\j’()]  illcN~l;l’AAM wind

lcllll:llcg  ivc~lol~cc-]~cl-dayat (1[1’1’i[~~ll,.l~llv  1, 19’/() ilm]~~,l) AII~Iist ?L), 1983, twice-Jmr-day at

O (J’]” and 12. lJ’I’ from ALlgLNt 30, J9X3 (lIr{}LIj’,11  JLIIIr  ‘X), 1992, ailii  i(}lll-lil}lc.s-JJcr-day  at O lJrl’, 6

(J’1’, 12 (J’]’, and 18 ~] ’J’ flOm ~llllC  j 1, }(+);’ to [tlC. JNt’S(’l  It. \~a](IL” L, jo] 1]](’ ~~:]{]’  A A M  JWCSSL1l°C

lcIIn  coln]mtcd uncicr (hc invcr[mi lNII~HI~C~Cl as.]lnJlti(ni  arc ~,ivcl~ 011.C ]Mt-day  at O [Jrl’ fmm JLIJy

], J976 tl]rougll  l>cc.ember 31, J9N), lM J(I.-]).  I(la)r at O 11’1’  aIId 1 ) 11”1 ~IOIII January J, 1981

tllIL)ugll  Jlinc ?.0, J992,  and fo~il-(il~~c~})(l.  [1:1) :t O 11’1’, 6111’, 1? ( 11’, :111(1  18 LJ’1’ fronl June 21,

] !)()? t<) ttlC JMWWlt. ]kxausc,  oft])c  (~)(lllli  I ;Ill,i h.’llli(]illll  la] \’illi:l~i(~ll$ ill :ltlll(JSJ)]lCI’iC  J)IUSLII’c  an(J

wild, aIKl hc.nc.c. in the A AM ]m’sstIIt” :111(1  \’,ri I It I  tc.III  Is, a  Illis~illj AAA4 v:illlc  w:ts  lcplac.cd  b y

Ii[)carly  intc.rpolatins  lmtwcc.n  lbc IIc;II(\l  \: IIIIL {)n cill](l  s i d e  of (IIL  (iil[il /’iI]) II]at arc ~,ivcl] at the

s;tIllc Ilmll  (e.g., 12 U’l>) as that of III( lll]~ill~’  l.ll~lc. 111 [Ilis JI];IIIIICI, IIi{[ii /,al)S arc fillc.cl  by linear

intcxl)olation  of values  tl]at arc  al IIIC S~iIII jIIIiI itl ttl~’ (iiurl]al alI(i  s.’l)ll(.iilltllal  c y c l e s  as arti  [hc

missinx  valmx.

After sc]mratcJy  filling [I)c {Iaj)i III [II(’ )’:in(.l  :111(1  ])Icss(lIc’  ((l  I I  I S,  tl)c Iotat  a(nmphcric

anglllal’  nlolnc.1111111)  Valucx \vcIc.  fol Ill(’(i I!\’ 1;11; Ill{:  till’11 Slllll. I )ili  lj it\(]ii{’,~’.s of tllC. total A AM

Val(lcs were tllcll  forlncd  by avcIilp,ill~’, [II( I\! I. I.-pcI (i:iy  val  II(\ j’iir([l  fI(~III  AUp,LISt 30, 1983

throl]gl]  JuItc 20, 1992 and tllc foul -[illlts i 11.I (1;:)  val(i(”s  {’,ivlll  !,i[lcl  .ILIIIL IJ, 1992,. ‘J’llis is ckmc

il) 01’dCI” (() hth: (] )  :tJ>JWOJWi:ltC]Jr  (’(111111,11  [ II A A M  val  LIc. s, I(I (II< S1’A(:l~,94  Jmlar motion

cxci(a[ion  va]ucs  wJlicll can bc col]siiicti’(1  t ) IK (: ily i~iwaccs  si]l~x’ [II( ~N)l:II lnotim observations

lIJ)OI1  W]lictl  ~llC S1’A(3i94  cx~j[itlj(]l)  s(ll(v  i’ [). I.: d atc ~,{’(]cliil]~  (];lilj’  01  )I)[l]li(lay  a v e r a g e . s ,  a n d

(2) avoi(i  jmssibJc  a]iasing, to 101,:,  lICI i(}:l (1’ III.,(I .~ di(ltll;il 01 IIC:IIly s~ll~i:liullla]  AAM varititions

tha t  would ouwr i f  once - ] ) c r -day  A,Ahl \ i] I(. j, , ,n a[ ,ju~t, s;ty, (1 1 ~ 1’ lt(i ( C) IOSCN  for this study.

f;i~,urc  3 displays [hc x- and y-cc)III])OII(IIIL. ()( I IC (Iaily avuI~lj:~,(!  [01:11  AAN! [imc series thus



foI[ni~,ll(ly,  [IIICI  InOllt}lly  ti(ial b:lll(is  i]) 1( I ill  of [Ilc  :Illt[)lilu(it,’  A :Ill(i i)i]it\c  [r of tk progt’adc  and

rctlogladc  colnpwlcnts  of the polaI lil~)t itj:l  I. 41,11,  I L)II fulr(ioll (,irl 11)(”(1  11}1:

\



Comparison will I I’I ttlir[ill)ls fIt)III (lL’ra II ‘1’i(l( n40d~k

Seilcr [1991], using  a ll}’(llt)<i}tltltlli(’ , I... CaII Iiiic  JII{Ki  Ci) t.(IIII]ILIlctl  [I)c axial and both

c.(j~latorial  components of the aIIgIIla I II II) II ILIIIIII II ass(hi; tlcd will] li[ial (l]; It I~I,cs in sca level hcigll[

f’; I, IIJNX: dIUIII;Ii (h’l, 01, }’1), aII(i four JoIlg-Jmio(]zt[](l C(III.<>IItS  f(~l th~c.c. scl~)idit]ll)iii  (Af:),  ,~ ,], )

t i (1CS (Mf’, Mf, MtlJ , 5’S(I) . Gros,$ [ 190:{:: ;~ii~i /l)osc}/c (/}Id \l’i//I,\~//  I I 9°1 J uscct the equatorial

coInpo  IIcnts  of Scilcr’s occaII  ti(lai  aIIj’(Ii::: 111011’  II[u III 1(’sull\ {c) t)]t’~iicl llic ocean ti(ial effect on

po]al lI”KI[i[)I1. “J’]Ic Cffcc[s  of JOII(: ])L’I io;i I K ~’;III I ides  (l]Ic SLIIII of [iIc SC”:  I 1(. \c.l hci$,h[  afid curl’en[

(cl’ills) 011 Illc lmlar ]no[ion cxcil;ilio[l  III ,, JL)II ,((/) [)lc~iic[,d  ft(~]l] S(’il(f ’s (xcall tidal angular

II1OIIICII(LIIII I’CSLl]tS  :iI’C COIll]NltC(i  ]11’.1’(’ I)y U>i’ljj>  { ,lU;tti  Oll  ( ] ) \4 itll []1[’ [i’l)ll]il((’(1 ]Xhl” lll[)tioll  l’CSll]tS

,)



pcriwi t)ccan ti(iai  effect on tllc

I>jcklnall’s mmicl prcdiets the

IctIOF,Ia(ic  amplitude to bc 1 .-/2.

mas anti 1.44 Inas, rcspcctivc]y.

b y  IJickmanfs IIKKid is 27 pcrccIIt  SIIIiIllLI  tlIIII  I I :1( l)[(cilctc.(~  1):} SLII( t ‘.~ II I(XICI,  an(i the rctmgmdc

anlplitu(lc  is 19 pcrccnt large.]. 1 IOIV(V I. III [)lcdi(l~(l plIw>(s ~iili(l  i)y 45” for tllc. progra(ie

Col)l]mllcl)t,  :il)(i  040 for tile Ictl’(){’l d(i(’ {’(1 I I 1]11)11 I It. Al liI(”. fl~(’ lid:ll  ftL(lIIc’tIcy,  both models prc(iic(

lhc saInc ph;iscs  as they prcdictc(i al tiK !1/ [I , II f]cqufllc)’ wi[il ;Illll>li((ldcs  42 pcrccml  as great.

‘1’lIus, tile. rcla(ivc  agrccmcnt [K(WC,II Iii. I :)i(l II IafI aH(l  Sc)lcj III(KI1 ]Jllxliclicms  at tk hf~ tidal

frcxjlmlcy is tllc same as it was at tilt Af/ t ld il 1 ~ U.]lICIIC y At Ii){ ~Y/// li(i:ll  f)(qucncy, (Ilc anlplitwle

fm tk Ix)lar nl{)tion  excitation fur}l:ti(~ll  i~i~ll{lill l~y 1 )it}:llmll’:,  111(),1(1 Is sul~stantially  smaller than

that pmiidc(i  I)y Scilcr’s nmicl,  Iwilly, (1 ,1’ III . fOl” tllC 1)1()~’lilLlt’  (’olllllollCllt” (VC1311S ().78 lnas fOl”

10



ttlat pIcdictcd  by SCilcr’s mode]) aTIti (1.7/ IIJa S II)r tlIc ILIIWJII  a(i(  C(JIIIiXJII(:II[  (versus 0.92 mm for

llEit  ]mxiictcxi  by Sciic.r’s  model). ‘it I(. \lI1. LiI{.1(  i ])i)ascs agail} siIIJ\\  i:II {1( (iiscrcpatlcics of 62” for

tlw pmgradc  (X)lllponcnt  and  35” f(lJ t’11(’ 1( ’11(1}’1 a(ic Colllpol)clli. (  )f [)1(  io]l~~-pcrio(i  occm ti(ics

considcmi,  (hc slnaiics[  po]al I))()(i()li  (~(Ilal  r I I  cfkc[s a],: j)lc(iiclcci

frequency, being, 0.13 mas anti O.? i IIIIS fo im allij)iilll(i(s  ()( Il]c

conlimlml(s,  rcsi)cctivcly, as prcxilc[((i ily i )11, J. I II .iI1’s  o:(aa [i(i( JIK)Li(i.

t) (wcur at the M9’ tidal

)JofI,IaCic  aII(i  Ictrogfa(ic



‘,



‘!

c.onlbination  of space-gcodclic 1 ;;II  LII  I 01 :It II ) : 111{’iiSLll”C.IllL’ill\ I (;l[j.f.i, 1 994], dll(i fif(Cr fil’s(

rclnoviti~,  the effects of atmosldicl  it \vi II .i ,)1111  llIC.SSIIIC.  lIu( Iudlio})s.  f(~tIn(l  cvidcncc  for a 9-day

tidal sify]al  as well as a forlni~lllly  li~l:ll  ,[lll}lilldc “sl:,tlifl~ aIItly”  {I, IL:I((I  tlIaIl  ttlat  predidcd  b y

ocean tide. modc]s. l)ickman aild N~/I/I  [ ) ‘Y I.\ ], Ilsinp [t]~ S] ’A(’l 9;) [ (;)~~.Y.Y, J 993b] polar motion

sciics withou[ first rcmo\ling  the cf(crI\  (~j ;iIII).II,;  )lIcIi( v,ind aII[l  ]M(s\LII(’ fluctuations, dctcrmincd

progyadc  aIId retrograde polar ][](][i(~]l  ;tl]ll)’i[~l;s  of (~.061 :1 (~.()’/’) I)I:I\ :IIILi  ().063 :!. 0.063 mas,

rcspcctivcly,  al lt]c forlt)ight]y  tidt~l  ]kI i{l[i, , III(I t,.)II(]I)Lli(l  (]l:~t  :11 1).s(  [11(’ ,S1’A(Yi92.  pola]  motion

sclics c o u l d  bc uscct t o  p l a c e  WI U1)]KI  lh)IIII(l  (JJI [Ilu  :III)I)IIIL][Ic  oj ;IIIj fol[ni~,ht]y  ti(lat s i g n a l .

]Icrc, clm cvidcllcc  for cxcitatiml  oi ]h)lal )I(lli  I at ll)t:  Imllli{:llll)’  Ii(lal jt~x]lm]cics  is obtained by

usillfi  c.s(i  Iwitc.s  o f  the. polar  motion  rk(illiti~~tl  lt]t]cli(llls  fltl}n  vtliol  III( c.~fc.cls  o f  almosphuic

wjn(i am{  pIcssLII’c  f l u c t u a t i o n s  ha\c lI~LII  1~.I IN}\ ~ ,1.

l’lc.dic(ions fl”OIl)  thC. lU’{)  ~l\rili Iill)l$’ i,)c’~! [i(it:  II I(dc!\ ioI llIi CIICC[  on the p o l a r  m o t i o n

excitation fUIICtl  OIl ~(l) of the fo] [1)1$111 l\ ( IL (’i:i; ti(l(s ;Ip,l’c( lL’il  Solli!lll~  \Vcll with cacll  other in

amplitude (al(l]ough not in phase). 1 lc)\\L.\ ,.’. ],, c) ,pl  1(JI I IIC ]11()/T,I  ;I(I, (l~j I I(liil  sig,llal,  the prdictcd

amplituk  al’C, comidcrab]y  slllall(’r  [}lilll  III, )s( ~ I!)SCI v(.xi. ‘I”llis  illdif(llrs  111:11  cithcjl:  ( 1 )  b o t h  t i d e

IIlodcls  l]avc  systematically Llll[lc.]cs[ililili[.,  i i II{’ j,, Ilar Jl]i.)[ioll (’l”j<.<.t,  (2 ) [I I(IC dIc othc.] geophysical

mc.c.llallisllls  contribLl(ing  to tlm O1}SLI  I( (1 (i , (.(, (~] (3) lilt OIIS(’I  \I((l  ]Csi(iual  polar m o t i o n

cxcitati(m series is contaminalccl  lky ri[l]~l I. IL’:1 ,IIICIIILIIl  iloi~l{” (.)1 UJI(II\ III tlIc. AAN4 series at the

for[ni:,htly tidal flcquc<ncic,s. 11 is L’Cllililll:\’  ]10’. lJ!C, :11)[1  CV(”l I ]llt~l)illll~’, Ilid[ crmrs cxisl  in bolh

Illc sll:icc-~:c.()(ictic  lncasurcmcnls  :ill(i III( ), A ‘,1 sc.I its, c.sl):c.i;]ll>  III iol (() 1 9 8 4 ,  a l t h o u g h  i t  i s

difficLllt  (0 unclcJs(atld why tllcy  w(~lll[i 1}: t~l(lt  c’ ] I l)lni]}(t)l  :tt llIr. li)l [tli:’,lllly  ti(la] f[ccjucncics rather

[hi) IIavil):,  a III(MC broadband clmIdu[cI.

]ivi(lcl)cc

also C’OIl)c.s froIl)

kf~ti(l;tl  sig,nals.

f(~l’ either noise [’olllilllli!l i({)] I ~ ) (1]{. })l{’.scrI.  c of LIIII(I j’,(~) j)l]ysical  m e c h a n i s m s

al I e x a m i n a t i o n  (If III( Il. ~J\LII,  ,: j)JtJjIId(lc :111(1  J~.lItIjI,I;I(lt’ ]III:ISCS of lIIC flf~ and

If occaII tides W(IC 111~  (lII~?  i IHISC of [IIC Ol)SLI\’Lhll  i(JI  [Ii i{ ’ , l lt ly signals,  then the

1;



(1 ‘i~,ul(s  1:1  ill(l  2il).  LlpOIl  s u b t r a c t i n g

1( ’\i(lllill  J)(ll;ll Il]f)lio]] excitation function

ti(ial l~:]])ds, 1)111  ]]() lolI[:cr in the progradc

1 ‘



1 “
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1 1( ;\ I]<]

lil~.  1. l’owcr s]mclrd  dcnsi[y (])s[1) csl ilII;Il[’\

(.’Ai’-loNSNS

excitation function dcrivtxl froll) s])aI.c {’L.I )~lt’li[  I ;ar[}) I“oti\tioli”  lll[.:IiLIIL”J]I[$fIlS, (b) lhc rcsiclual polar

lllO(iO1l  C.XC.j(atjOIl  fUl)CtjO1l  fOIJll[Xl  11’j  SI l~~:lii(  l~llg  []1~. AA}if S(.:1 IL’S Stlo\\’Jl jl) }il~,llIC 3 f~Olll  [hC

S1’A(3i~)4 cxcitdtion  series, and (c) llJr IL s~)l;  of” ]t’]l]ovin}~  tltc IL’( ()\ ’L’J(’(1 tidal (crms  f r o m  t h e

SI’A(;f Wl A A M  rcsidLlal  series,  ‘1’11(’  \~I i i(:{l  (i(~tkxi  liIJ(s il)[ii(’al(  lt~(![l{llcic.s  in ibc prograde.  anti

rctlo~radc  wcc+ly  tidal bands (at :} 4(~,ol  cp\), folilli~’,lltly  (id:ll  t)al]fl~  (at d 26.74 cpy), anti

lIIollllIly  tidal bands  ( a t  ~ 13.2?6  (:j)y), ‘1 II( 1[’lIogladc  col]IlwIIclI[  of ]I(Jlal  ]Imtion excitation is

]C])rcscntcd  by Imgativc frcqucl)rics,  II]c ])IOJIJ ;lI it coII)j)orIclI[  1)~’ l)(}\ill\’1’ fi~’(jucllcics.

clli-functions  ciisl)laycd

(Iic. invmtcd  balon~etm

prc.ssurc fluctuatiol)s.

?.{



‘1 ‘idc l’(li(l,i l:IIII(iaII I(III:Ii AI} IUIIICI)[
(s01:{1 (Iii)’,’) I 1’ 1’ 1) 1)

Wcddy
Mj)’ [) ] ;> 1 0 :) () 1
M9 t)]i 1 (] :) (1 ;’

]kwlnightiy

Ildf’ ]:{ (,{ () (1 ? () i
Mf 1:3 (1(, o 0 ? () 2

MontlIly
l14iH “’l s?)“ 1 0 () () ()

ScmiannLlai
S.m 182 (),’ O () :) 2 2

Annual
YL (1 ,{05 2(1 O 1 () () ()

,,
.!



M9’ (9.1 nay)
S1’A(.3 j94 A AM
l>ickmm

J49 (9.1 hhy)
S1’A(:li94  AAM
Dicklnm

Mj’ (1 3.63-day)
S1’A(2i94 AAM
IIickmm
ScilcI/Gross

Mf (1 3.66-day)
SI’A{:1{94  AAM
IIicklnan
ScilcI/Gross

A41/I (27.55  -ciay)
SI’AC1 :94 A AM
l)icknm
ScilcI/Gross

(),4’/ ,1 (1 ~!$ 30:1 5s
(),:{: ‘/y

J . ( I I  .! (:’,’(5 56 :+ I ()
(),:); 1 ()()
(), ”,/;1 $s

1<(’1  1 ()~,1 iiclc
A]]~l)li[~][ic ]’hasc

(ill:{\) ((lcglccs)

().21  :1 0,45 79:1 126
(1?1 15

(),4 1 .i ().45 95 j 63
(),5? 15

‘2.01 :1 0 . 4 . 5 87i  13
() ‘/1 8
() 51) 7?

?.’/.+ :; (), fl’j 1-4:! 10
1.-/:? 8
I ..1’1 72

[).8? :1 0.45 -59:1 32
(); )~ -7
(),():) 28



AR MO--I-ION [ }([:I”I,A  IION Sl)[ (:”I[<A (1976.8- 1994)
–——”~  ‘-:- ‘“ ‘“ - — ~ ..—. . . . ,- . . ..~.——————.

-60.0 –40.0
,., . . .
70.()

fl (.x! JJ,’I

—.. . J —L . . . ‘.., , .1. 1.. . ...”  .--L

().0 70.(1

(y (( ’y(l(!s,/yc(H )

40.0 60.0

r–—------ I- ‘- ‘-1 ‘---‘ ---- -f ‘-------- 1

~[~,,,,f,~ ~ ~ ~~~,,,,ffb~~,!~,~p,,,,lii,l
r,

—.-—- .  .  .  .  .  .  .  .  .  .  . —.... -J .—. . ----- . . .1.. .  .  .  . .- _.. -.—_l .__._  _ _ _
--60.0 –40.0 >, ),:1 ().() 20.() 40.0 60.0

~’<L\LIIIIcy (cyclf!s,/ycor)

- 6 0 . 0 -40.0 ;’[)(1 0,0 2(1.() 40.0 60.0

ir(’(l LJ{  “Icy ((:yclc’s/y(:(.)1) “i’:q, \



. .

POL-AR  MO-[ ION [ X(; l” V\-llo N S1)[ C“H<A (1 984--1 994)
““——”—-r- . . - ,, ., .— -- . - ~ ----

1 T —-—
“ /

1: ()c1

f.-

40.0 60.0
fl(’(”j LJlflcy (Cycl(+/’yc!c)r)

—-—
1

. . . . . . . . . . . .
, .—. ._. _ . . . . . .,_, ,. ——-—

(b) -

-(JO
u-l ,--

1

4 ‘ 1—.~-- . . . . . . . . 1 . -_,, ..J _

60.0 ---40.0
---- . . . . . . . . . . .1 . . . ----- ., I.-L__!J- 2[1 () 0. c) 20 .  [ ) 40.0 60.0

fr(”q[J(:rl,:y  ((:yclc!:,\y(!clr)

, .- ..,. . ,.,. “-”’ ---r—”———

()c .

_._., (..  _ . ----- ..:  . . , .,. . . . .
--40.0 20( ().(1 ;~(l,  [) 40.0 60.0

I._._-
-60 .0

I



I 1. .. .

El- F-E(;WVE Al MCFW TIW3 /’\N(;LJ1 AR MOMEN-]-[JM
300

/---
fn

{/

w

$
c
o

?
o . .
0

?00

100

0

100
x

--200

-300

600

500
,.-,

(n

g 400
*>

300

200

100

(cl)

—-1-_J_~._l__.l...  . . I .J.. 1. ..d_ . . . . .J .._l ,,-. ..[. 1. ..,J. ( I I I 1

1977 1980 q~)~::i, 19ti6 1 \)[; :] 1992 1 9 9 T

“—-~-r-~-’~-- -[ , , .T.. ,.

-1 .–..,  . . . . . . . . , . .,_ .._.,.r_,_~

(b)

—_LL.~.~... . ..10
1 9 7 7 1980

.1 1, L.. .1. ._l .._ .. I,, . .. I ._ l... .,-J I I I I

‘1 !2/; ‘) 1 <)f;[; 1 f)/~<] lg$]~ 1 9 9 5


